This research aims at the development of peach as a model genome for the identification, characterization, and cloning of important genes in Rosaceae species. We have constructed an initial physical map for peach. The map is anchored onto the general Primus genetic map and has been integrated with a peach transcript map (http://www.rosaceae.org ). Our efforts to exploit the peach genomic databases are focused on two genomic regions of interest: the distal part of linkage group 2 associated with the genes for root-knot nematode resistance and the distal part of linkage group 4 which is important for fruit characters such as freestone and melting flesh. Our approach combines linkage genetic mapping using EST-based genetic markers, localization of the markers on the physical framework, and sequencing the genomic region of interest. Preliminary results illustrate the efficiency of this strategy to facilitate gene discovery in peach.
INTRODUCTION
Peach [Prunus persica (L.) Batsch.] is one of the most economically important fruit trees in the world. Due to international efforts, several linkage genetic maps were established for peach and related Prunus species. The development of the reference Prunus linkage map using transferable RFLP and SSR markers has provided a foundation for fruit tree genetics and genomics (Dirlewanger et al., 2004) . Two large-insert genomic libraries have been constructed to support a peach genomics initiative (Georgi et al., 2002) .
Recently, we have developed structural and functional genomics databases for peach. The candidate gene database is comprised of 3,842 expressed sequence tags (ESTs) and eDNA probes hybridized onto the peach genomic BAC libraries. The genetic localization of 294 expressed genes corresponding to ESTs from the peach unigene set was established through hybridizations with genetically anchored BAC clones and placed onto a physical map (Horn et al., 2005) . The current physical framework is composed of 1,384 contigs containing 10,038 BAC clones. More than 30% of BACs in the FPC database have hybridization hits. In total, 1,954 markers (i.e. genetic markers: ESTs, cDNAs and overgo probes) are incorporated into the integrated physical/transcrip t map (http://www.rosaceae.org ).
Our efforts to exploit the peach genomics databases are focused on two genomic regions of agronomic importance: the distal part of linkage group 2 associated with genes for root-knot nematode resistance and the distal part of the linkage group 4 which is important for peach fruit characters such as freestone/clingstone phenotypes (Dirlewanger et al., 2004) . We are using our current genomics resources and available molecular genetic tools to identify genes involved in the genetic control of these traits. Our approach combines line genetic mapping using co-dominant SSRs, EST-SSRs, and gene-specific CAP markers with localization of these markers onto the physical map. Having localized positive BACs on the physical framework, a BAC tiling path through the critical regions is selected for sequencing. Sequence-derived SSR markers are used in linkage analysis to verify co-segregation with traits. Our preliminary results illustrate the efficiency of this approach to facilitate gene discovery in peach.
MATERIAL AND METHODS

Genomic Resources and Mapping Populations
To large-insert BAC libraries are available for peach. The first library is based on the diploid peach variety 'Nemared' (Hint/111 library). The second library has been developed from the haploid Lovell' variety Plov2-IN (Sau3Al library). Both libraries are arrayed on high-density filters and in 384x-forniat plates. Library details are published elsewhere (Georgi et at., 2002; http://www.rosaceae.org ).
For genetic linkage genetic analysis, we have used two segregating populations. The apricot Stark Early Orange' (SEO) x 'LE3246' back-cross segregates for sharka resistance. The BC, apricot linkage map was completed recently (Lalli et at., in preparation). The second cross, the F2 peach 'Suncrest' x Bailey' (SxB), segregates for fruit quality, fruit color, and clingstone phenotype. The published linkage map for the SxB cross is based on the dominant AFLP markers (Sosinski et al., 1998) . To assign linkage groups to the Primus map, we have saturated the SxB map with the SSR markers from the Primus reference map (Dirlewanger et al., 2004) .
Molecular Procedures 1. BAC Sequencing.
Shotgun BAC-sequencing and annotation was performed according to conventional protocols. BAC DNA was hydro-sheared, end repaired, and sizefractionated on agarose gels. Fractions of approximately 3 kb were eluted, and sequenced. Sequence data from both directions were assembled using the Phred-Phrap programs (Ewing and Green. 1998). 2. BAC Screening. Protocol for the BAC filter hybridization was acquired from Horn et al. (2005) . Single positive BAC clones (4 ng DNA) were used as a PCR template as recommended by Caldwell and Becher (1993) . 3. BAC DNA Fingerprinting. BAC DNA was double digested, labeled and fingerprinted on 6% polyacrylamide gels as described in Chang et at. (2001) . Restriction fragments were hand-annotated using Image Software (Sulston et at., 1989) and analyzed using the program FPC version 4.7 (Soderlund et al., 2000) . Contigs were automatically assembled at a tolerance of 7 and cut-off value of e-12. Physical lengths were estimated as reported elsewhere (Zhebentyayeva et al., 2006) .
RESULTS AND DISCUSSION
BAC Sequencing and Marker Design for Comparative Studies
The distal part of linkage group 2 was shown to be associated with resistance to root-knot nematode (Dirlewanger et at., 2004 ). On the current physical framework, we identified a contig (Contig 52) which was mapped onto LG2 (2 cM). This contig, composed of 11 BAC clones, has an estimated physical length of 163 kb and 7 hybridization hits (Fig. I) . After manual inspection, the contig-tiling BAC 058P05 of 80 kb was sequenced and annotated. Several potential genes were identified among sequences with significant homology (MLO resistance gene, leucine-rich repeat family protein, plant intracellular Ras-group-related LRR protein 4, sorbitol transporter, and nodulin family protein homolog). Based on sequence analysis, we designed genetic markers for linkage analysis to confirm co-segregation with root-knot nematode resistance. BAC specific oligoprobes will be hybridized against apricot and plum BAC libraries to initiate a comparative analysis in Pruinis.
Mapping of the ACI Endopolygalacturoflase Genes on the Physical Map
Endopolygalacturonase (endoPG) activity during softening of peach fruit is responsible for the melting flesh texture and flesh adhesion to stone, two of the important organoleptic characteristics of the Prunus species (Pressey and Avants, 1978; cit. Callahan et al., 2004) . A simple allele-based PCR test for the endoPG-derived markers was proposed recently for the three major peach phenotypes: freestone melting flesh (FMF), clingstone melting flesh (CMF), and clingstone non-melting flesh (CNMF) (Peace et al., 2005) . A cDNA, PRF5L, was identified as a fruit related endoPG that might be involved with the texture differences in peach (Lester et al., 1996) . The expression study of the PRF5L (genomic clone ACI') and the PRF5L-related endoPGs supported the importance of the AC I encoded endoPGs for F peach phenotypes (Callahan et al., 2004) . In this paper we report the first results on the structural organization of the AC1 endoPG gene region in the FMF and CMF peach cultivars reconstructed from the 'Lovell' and the 'Nemared' genomic BAC libraries.
Constructing the BAC Contigs in the EndoPG-Encoding Cenomic Region
We amplified AC fragments from the 'Lovell' and the 'Nemared' genomic DNA, labeled, and hybridized against both libraries. In total. 4 sets of filters were screened and cross-verified for presence of endoPG positive BAC clones. Seventy positive BACs were fingerprinted and assembled into contigs at a high stringency (tolerance 7, cut-off e-12). Hybridization and FPC fingerprinting, applied separately, generated clear differences in contig assembly in between the 'Nemared' and 'Lovell' BAC libraries (Table 1 ). The AC probe hybridized to 31 of the 'Nemared' BACs and 39 of the 'Lovell' BACs. The higher number of positive BACs in the 'Lovell' library vs. the 'Nemared' library was in agreement with the provided peach genome coverage, 6-8x and 8-9x respectively. Forty three of 63 successful fingerprints from both genotypes were assembled into 4 contigs, manually inspected and incorporated into the physical map. One-half of the 'Nemared' BACs remained singletons (15 of 30) and only 25% of the 'Nemared' clones (8 of 30) were assembled in contigs I and 2 along with the 'Lovell' BACs. When run against the entire FPC dataset, there were no additional merges for established contigs. Based on these data, we concluded that the endoPG contigs cover the peach genome region which is underrepresented on the current physical map composed mostly of the 'Nemared' BAC clones (Zhebentyayeva et al., 2006) . According to a conservative estimate, the physical length of the endoPG genomic region in the CMF 'Nemared' genotype is half that of the FMF 'Lovell' genotype ( Table 2) .
Integration of the EndoPG BAC Contigs into Physical Framework for Peach
To integrate established contigs into the physical framework, we developed two gene-targeted markers. The first one, the EST-SSR EPPCU 1775, was designed around the direct repeat in the non-coding region of EST sequence PP.LEa0010H07f (BU041775). The second marker, a co-dominant CAP marker, was developed for polymorphic Sau3Al restriction site of the AC sequence AY262754. Segregation analysis of EPPCU 1775 in the BCI apricot cross and both markers in the F 2 SxB cross resolved one location and mapped the endoPG gene cluster on linkage group 4. Likewise, using a few plants for bin mapping in the reference TxE cross, Howad et al. (2005) placed the EST-SSR EPPCU 1775 into one location on linkage group 4 (bin 4:63).
Structural Organization of EndoPG Locus
We employed aJCR-based technique to investigate genomic organization of the endoPG genes in assembled contigs. Two sets of primers were used for BAC DNA screening. The first one, PRF5L (genomic clone 'ACV), corresponds to the coding region of the endoPG gene family (Callahan et al., 2004) . The second primer set, the EST-SSR EPPCU 1775, was aimed at the 5' UTR of endoPGs as stated above. Altogether. 5 EST-SSR alleles and 3 ACI fragments of 1 kb, 2 kb and 3 kb were amplified directly from the endoPG positive BACs (Table 2) . Using 'Lovell' BAC DNA as a template, we recovered the entire set of AC fragments (I kb, 2 k and 3 kb) and all EPPCUI775 alleles except for EPPCUI775-3. The 'Nemared' BACs failed to amplify the ACI-2 kb fragment and the EPPCUI775-la and EPPCUI775-5 alleles. Eight out of 9 'Nemared' BACs produced the ACI fragment of I kb. A unique 'Nemared' BAC 009118, which amplified the ACI.. 3kb fragment, did not overlap any other 'Nemared' BACs.
Amplification hits supported the contig assembly. Differences were observed in the structural organization of the endoPG locus between FMF 'Lovell' and CMF 'Nemared'. The ACI-2kb and ACI-3kb fragments were underrepresented in the 'Nemared' BAC library. This result is in accordance with reduced physical length of the ACI endoPG region covered by 'Nemared' BACs. As reported by Callahan et al. (2004) , DNA blot analysis showed the AC I-depleted banding pattern in NMF cultivars with a different ancestral background. Moreover, accumulation of the mRNAs encoded ACI was dramatically reduced in NMF cultivars as compared with ME peaches. Using the ACIderived markers as a diagnostic test, Peace et al. (2005) provided evidence for allelism at a single locus for the Freestone-Melting fl es h locus in peach. Based on stated findings and our own results, we hypothesize that rearrangements throughout the entire endoPG encoded region may be involved in both traits. The number and spatial distribution of endopPG genes, especially AC I-related, may be important for these fruit characteristics. Several straightforward experiments are needed to support our speculation. These include: I) a complete physical reconstruction of the ACI endoPG region using BAC-end sequencing and overgo hybridizations 2) cloning and sequencing ofACl fragments of I kb, 2 kb and 3 kb from FMF, CMF, and CNMF genotypes and 3) fine genetic mapping of the region using polymorphic ACI-targeted markers. Such a BAC-based approach in combination with conventional genetic analysis will provide insight into the structural organization of the endoPG gene cluster in peach and related Prunus species. Fig. 1 . Selection of the contig-tiling BAC for shotgun sequencing. Hybridizations: 4 ESTs (prefix PP_LEa) from the peach unigene set and 3 core genetic markers (AC3I+, AC37A+, and AG43). BAC 058P05 hybridized with AC37A+ and PPLEa00040I 9f.
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